1. Introduction
===============

The hepatitis B virus (HBV) was discovered over 5 decades ago. Although a prophylactic vaccine has been available, HBV infection is still a serious problem globally. World Health Organization (2018) estimated that there were 257 million new cases and 887,000 deaths from HBV. Most of the deaths were caused by complications, including cirrhosis and hepatocellular carcinoma (HCC).^\[[@R1],[@R2]\]^ Eventually, the goal of therapy in CHB patients is to alleviate and prevent this complication.

Chronic hepatitis B (CHB) infection can be confirmed by its complicated serological pattern, while hepatitis B surface antigen (HBsAg) was reported to be well-established as a serum marker in the natural history of HBV infection. A low level of the HBsAg is associated with sustained immune control, seroclearance of HBsAg, and a lower risk of HCC.^\[[@R3]\]^ A meta-analysis study further confirmed the role of the HBsAg as a predictive marker of hepatitis B, liver cirrhosis, and HCC development, and the rate of spontaneous HBsAg seroclearance,^\[[@R4]\]^ an important milestone in the natural history of CHB infection. In addition, the serological profiles of chronic HBV infection also revealed that plasma HBV DNA levels can serve as a marker of disease progress.^\[[@R5]\]^ In general, CHB is defined as the presence of the HBsAg for more than 6 months after an HBV infection ^\[[@R6]\]^ and spontaneous HBsAg seroclearance is defined as the loss of the HBsAg at least 6 months apart on 2 occasions and continuing to remain to absent up to the last visit.^\[[@R7]\]^ However, the rate of HBsAg seroclearance in CHB patients is varied globally at an estimated 1% to 2% annually,^\[[@R8]\]^ at approximately, 0.41% to 1.58% in Europe,^\[[@R9],[@R10]\]^ 0.56 to 0.65% in north and south America, respectively^\[[@R11],[@R12]\]^ and 0.12% to 2.38% Asian,^\[[@R13]\]^ 0.4% per year reported in Korea,^\[[@R14]\]^ 2.5% in the Goto Islands of Japan,^\[[@R15]\]^ and 1.15% per year was recorded in Taiwan.^\[[@R13]\]^

The clearance of the HBsAg in HBV infection is influenced by many factors, such as genetic and host factors including age, sex, and race. Several studies identified that host genetic polymorphisms may be associated with clinical outcomes of HBV, including HLA DQ (*HLA-DQ*) and DP (*HLA-DP*),^\[[@R16],[@R17]\]^*IL28B*,^\[[@R18]\]^*HLA-DPB1*,^\[[@R19]\]^ tumor necrosis factor*-α* (*TNF-α*),^\[[@R20]\]^ and monocyte chemotactic protein-1 (*MCP1*).^\[[@R21]\]^ Some CHB-associated loci, such as *HLA-DPB1*, *HLA-DQA2*, and *HLA-DQB,* also reported by previous genome-wide association studies (GWASs), were identified in a Taiwanese population.^\[[@R22]\]^ However, more the genetic studies still need to be examined in HBV infection, considering of HBsAg seroclearance as a marker of cure of HBV infection. Recently, Kim et al indicated that three new SNPs (rs7944135, rs171941, and rs6462008) were associated with HBsAg seroclearance in a Korean population. Thus, the purpose of this study was to investigate whether the polymorphisms reported by the Korean group are associated with clearance of the HBsAg in Taiwanese HBV patients.

2. Materials and methods
========================

2.1. Study subjects
-------------------

In total, 2565 CHB patients (including 493 with HBsAg seroclearance and 2072 without HBsAg seroclearance) satisfied the inclusion criteria for follow-up of CHB, which were recruited during 1991 to 1992 from 7 area in Taiwan (Sanchi, Chutung, Potzu, Kaoshu, Makung, Hushi, and Paisha). All of the study participants were ethnic Chinese (ie, Taiwanese). All participants in this study provided written informed consent before participation. This project was approved by the ethics committees at Academia Sinica, Taiwan.

2.2. Clinical evaluation and SNP selection
------------------------------------------

All patients were tested for hepatitis B or virological markers in the liver, including HBsAg was measured using radioimmunoassay with commercial kits (Abbott Laboratories, North Chicago), HBV DNA were measured by polymerase chain reaction (PCR) using the Cobas Amplicor HBV monitor test kit (Roche Diagnostics, Indianapolis, IN) and alanine transaminase (ALT) ALT using chemistry autoanalyzer (Model 736; Hitachi, Tokyo, Japan) using commercial reagents (Biomérieux, Marcy L'Etoile, France). HBsAg seroclearance were defined as loss of HBsAg in serum at least 6 months apart on 2 occasions and continued to absent up to the last visit. While without HBsAg seroclearance were defined as positive of HBsAg in serum for more than 6 months apart and continuously detected up to the last visit.

The SNPs we investigated in this present study were the replicated study from a GWAS applied in a Korean CHB population reported by Kim et al. Kim et al reported 3 SNPs (rs7944135, rs171941, rs6462008) associated with seroclearance of the HBsAg in Korean CHB patients. These 3 SNPs were confirmed to exist in a Taiwanese CHB population.

2.3. DNA extraction and genotyping of the 3 SNPs
------------------------------------------------

DNA was extracted from blood samples and subsequently centrifuged at 3000 rpm for 10 minutes at 4°C to separate cells and plasma. Specimens were stored below −70°C. The buffy coat was isolated from blood samples, and red blood cells (RBCs) were lysed after the addition of RBC lysis buffer.

Three SNPs (rs7944135, rs171941, and rs6462008) were assessed by genotyping. Genotyping assays were performed using a TaqMan allelic discrimination assay (Applied Biosystems, Foster City, CA). PCRs were subsequently performed in a 96-well microtiter plate with either an ABI7500 real-time PCR or ABI9700 Thermal Cycler under the following conditions: 10 minutes of denaturing at 95°C, followed by 45 cycles of 15 seconds of denaturing at 95°C and 30 seconds for annealing at 60°C, with 1 minutes of a final extension at 60°C. Fluorescence signals from amplicons were analyzed using System SDS software vers. 1.2.3 (Applied Biosystems).

2.4. SNP annotation data query
------------------------------

Associations between gene expression profiles and the SNPs were confirmed by examining the expression quantitative trait loci (e-QTL) through (genotype-tissue expression \[GTEx\]) Portal database (<http://www.gtexportal.org/home/>). The GTEx database shows expressions of genes in a variety of tissues.

2.5. Statistical analysis
-------------------------

We performed all analyses using the R environment (<https://cran.r-project.org/> and <https://www.r-project.org/>). We used Student *t* test to compare the age, ALT, and follow-up duration between the CHB patients with HBsAg seroclearance and without HBsAg seroclearance groups. We used logistic regression analyses to obtain adjusted OR between the case with HBsAg seroclearance and gender, age, ALT, and follow-up duration. Associations between SNPs and HBsAg seroclearance under genotype and recessive models were assessed using the "SNPassoc" package. The association between (the rs7944135 genotype AA, AG, and GG) and (HBsAg seroclearance and undetectable of HBV DNA) were also modeled using time to event analysis utilized cumulative fraction curve using cumulative hazard function and log-rank test by "Survival and survminer" package. While, days between enrollment to undetectable of HBV DNA and occurring HBsAg seroclearance was used at the time scale.

3. Results
==========

3.1. Basic characteristics of chronic HBV-infected patients
-----------------------------------------------------------

We collected data on 2565 chronically HBV-infected subjects, including 493 CHB with HBsAg sroclearance (361 males and 132 females) and 2072 CHB without HBsAg serclearance (1325 males and 747 females) in this study. The numbers of CHB male patients in the 2 groups included 361 with HBsAg seroclearance and 1325 without HBsAg seroclearance (*P* \< .001). Average ages in the CHB patients with HBsAg seroclearance and without HBsAg seroclearance group were 50 and 46.3 years, respectively (*P* \< .001), with an age range of 30 to 65 years. Mean of serum ALT values were 17.7 and 16.5 U/L, respectively (*P* = .24) (Table [1](#T1){ref-type="table"}). The lengths of follow up duration in the CHB patients with HBsAg seroclearance and without HBsAg seroclearance group were 6.29 years (6.66 years for male and 5.21 years for females) and 7.79 years (9.17 years for males and 5.40 years for females), respectively. Table [1](#T1){ref-type="table"} shows that subjects with HBsAg seroclearance were more likely to be older (odds ratio \[OR\] 1.04, 95% \[1.03--1.05\]; *P* \< .001). In addition, HBsAg seroclearance tended to more likely appeared in males than in females (OR 1.51, 95% \[1.21--1.89\]; *P* \< .001) even after adjusted for gender, age and ALT. The follow-up duration was significantly shorter (*P* \< .001) in the patients with HBsAg seroclearance than the group of patients without HBsAg seroclearnce.

###### 

Baseline characteristics of the 2565 hepatitis B virus study participants.
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3.2. Association of polymorphisms with HBsAg seroclearance
----------------------------------------------------------

We investigated the association between genetic polymorphisms of 3 SNPs (rs7944135, rs171941, and rs6462008) and HBsAg seroclearance (Table [2](#T2){ref-type="table"}). Genotype and recessive models were applied to assess associations of the HBsAg with the 3 SNPs. Our results revealed that the rs7944135 SNP was solely associated with HBsAg seroclearance. The rs7944135 SNP was found to be significantly associated with HBsAg seroclearance in the genotype and recessive model after adjusted with gender, age, and ALT, at *P* \< .05. This result indicated that HBV carriers with the AA genotype of rs7944135 were more susceptible to HBsAg seroclearance compared to those with the AG or GG genotype of rs7944135. However, the 2 other SNPs (rs171941, and rs6462008) showed no correlation with HBsAg seroclearance (Table [2](#T2){ref-type="table"}). A significant association between the rs7944135 AA genotype and HBsAg seroclearance was found 1.76-fold higher susceptibility to clearance of the HBsAg, compared to those with the AG or GG genotype after adjusting for gender, age and ALT, (OR = 1.76. 95% \[1.14--2.72\], *P* = .045). Furthermore, we found a 1.74-fold increased risk of acquiring HBsAg seroclearance associated with the AA genotype of rs7944135 under the recessive model (OR = 1.74, 95% \[1.13--2.66\], *P* = .014).

###### 

Associations of *MPEG1* with hepatitis B surface antigen seroclearance in 2565 hepatitis B virus patients.
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3.3. The minor allele frequency of 3 SNPs in different populations
------------------------------------------------------------------

The Table [3](#T3){ref-type="table"} shows the minor allele frequency (MAF) of 3 SNPs (rs7944135, rs171941, and rs6462008) in different populations (eg, Asian and European), which were these 2 population were reported higher susceptible to have HBsAg seroclearance in compare to another region worldwide.^\[[@R23]\]^ MAFs of African, American, European, and Asian were extracted from the HaploReg browser v4.1 (<https://pubs.broadinstitute.org/mammals/haploreg/haploreg.php>), and MAF of the Taiwan Biobank (TWB) were adapted from the TWB website (<https://taiwanview.twbiobank.org.tw/index>). Table [3](#T3){ref-type="table"} showed that our result was close to those in reference to Asian including a Taiwan biobank (TWB) population.

###### 

Minor allele frequencies of single nucleotide polymorphisms in this study.
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3.4. Correlation between macrophage-expressed gene 1 rs7944135 and days of HBsAg seroclearance
----------------------------------------------------------------------------------------------

In addition, we confirmed the correlation between the time taken to HBsAg seroclearance and the genotype of the macrophage-expressed gene 1 (*MPEG1*) gene SNP rs7944135. Log-rank test showed significant differences in the time taken to occur HBsAg seroclearance among the *MPEG1* gene rs7944135 genotypes of AA, AG, and GG (*P* = .039). The cumulative fraction curve showed a trend of HBV carriers with the AA genotype of rs7944135 indicating higher susceptibility to HBsAg seroclearnce compared to those with the AG or GG genotype (Fig. [1](#F1){ref-type="fig"}).

![Cumulative fraction curve of *MPEG1* rs7944135 on HBsAg seroclearance. HBsAg = , hepatitis B surface antigen, *MPEG1* = macrophage-expressed gene 1.](medi-98-e17936-g004){#F1}

3.5. Correlation between the *MPEG1* rs7944135 genotype and days of HBV DNA undetectable
----------------------------------------------------------------------------------------

We further investigated the correlation between the time taken to HBV DNA undetectable and *MPEG1* gene rs7944135 genotypes: AA, AG, and GG. Log-rank test showed significant differences among *MPEG1* gene SNP rs7944135 genotypes of AA, AG, and GG in the time taken to HBV DNA undetectable (*P* = .0074). The cumulative fraction curve showed that a trend of the AA genotype of rs7944135 of HBV carriers had a higher rate to undetected of HBV DNA versus the AG and GG genotypes (Fig. [2](#F2){ref-type="fig"}).

![Cumulative fraction curve of the undetected HBV DNA of HBV patients according to the *MPEG1* rs7944135. HBV = hepatitis B virus, *MPEG1* = macrophage-expressed gene 1.](medi-98-e17936-g005){#F2}

3.6. SNP annotation of e-QTLs of rs7944135
------------------------------------------

To elucidate the association between SNP *rs7944135* and gene expression, we used the publicly available databases GTEx Portal (<http://www.gtexportal.org/home/>) to obtain the tissue e-QTLs. As shown in Table [4](#T4){ref-type="table"} and Figure [3](#F3){ref-type="fig"} the AA genotype of *rs7944135* had highly expressed of *MPEG1* gene if compared to AG and GG genotype.

###### 

*Cis-*expression of quantitative trait loci results of the single-nucleotide polymorphism from genotype-tissue expression database.
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![*Cis-*eQTLs of *MPEG1* rs7944135 (Homo Alt (AA)\>Het (AG)\>Homo Ref (GG)) in muscle-skeletal. *Cis-*eQTLs = *cis-*expression quantitative trait loci, *MPEG1* = macrophage-expressed gene 1.](medi-98-e17936-g007){#F3}

4. Discussion
=============

Clearance of the HBsAg is an important indicator of recovery from CHB.^\[[@R24]\]^ It was reported that HBsAg seroclearance is associated with the prognosis of CHB.^\[[@R25]\]^ Clearance of the HBsAg in HBV is influenced by many factors, including genetic and host factors such as age, sex, and race.^\[[@R26]\]^ Our approach in this study was to confirm associations the factors of genetic, age, and gender with HBsAg seroclearance. In the present study, we replicated a GWAS study of Korean CHB patients by a candidate gene approach of CHB Taiwan patients to confirm genes associated with HBsAg seroclearance in CHB Taiwanese population. Kim et al revealed that 3 SNPs of rs6462008 located near even-skipped homeobox 1, rs6462008 located near even-skipped homeobox 1 (*EVX1*), and rs171941 located near cardiomyopathy associated 5 (*CMYA5*), and near *MPEG1* were associated with HBsAg seroclearance in the korean population.^\[[@R27]\]^ in this study, we successfully replicated an association of rs7944135 in *MPEG1* with HBsAg seroclearance in a Taiwanese CHB population.

The male patients are mostly more susceptible to the occurrence of HBsAg seroclearance compared to female patients.^\[[@R13],[@R27]\]^ Consistently, our present study showed that male patients tended to be more susceptible than female patients even after adjusted for gender, age, and ALT, Similar to previous studies from Korea and Taiwan,^\[[@R13],[@R28]\]^ this reason may due to hormonal involvement in the immune response.^\[[@R29]\]^ The age at HBsAg seroclearance also can be considered as a factor. Our study identified that the mean age at HBsAg seroclearance was 50 years. This finding is relatively close to previous studies in Hong Kong (mean, 48.8 years), Korea (mean, 50 years), and Japan (mean, 51 years).^\[[@R25],[@R30],[@R31]\]^

This study showed that rs7944135 in *MPEG1* is significantly associated with HBsAg seroclearance in a Taiwanese CHB population. We observed that subjects with the AA genotype of *MPEG1* rs7944135 had a higher susceptibility to HBsAg clearance, compared to those with the AG or GG genotype (OR = 1.76). In addition, we still found an association in rs7944135 with 1.74-fold increased risk of the AA genotype of HBsAg seroclearance occurring under the recessive model (OR = 1.74). Spontaneous HBsAg seroclearance can be predicted through serum levels of the HBsAg and HBV DNA.^\[[@R24],[@R32]\]^ In terms of the time taken to the HBsAg seroclearance and undetected of HBV DNA, results showed that the rs7944135 AA genotype had a higher susceptibility to HBsAg seroclearance and HBV DNA undetectable compared to the AG and GG genotypes. A correlation between HBsAg and HBV DNA in serum was reported by Liu et al and revealed that the HBsAg level was not detected during the immune clearance phase as a result of declining HBV DNA levels. In addition, Coffin et al revealed that with a lower level of the HBsAg, there was a greater likelihood for loss of the HBsAg. The HBsAg at a low level was associated with a lower risk of prognosis of HCC.^\[[@R3]\]^ It is well known that the HBsAg contributes to the immunopathogenesis of persistent HBV infection, and a higher incidence of HBsAg seroclearance was associated with lower HBsAg levels.^\[[@R33]\]^

*MPEG1* is a specific gene that was identified in human and mice in macrophages and has many roles in immune responses.^\[[@R34]\]^ According to HaploReg V4.1, rs7944135 was located at 11q12.1 of *MPEG1*, and was involved in the changing chromatin status of primary T cells from peripheral blood, which plays a central role in the "primary immune response" of cell-mediated immunity, the Information may suggest the role of *MPEG1* in immune clearance of HBsAg in HBV infection. Furthermore, the *MPEG1* gene has a role in immune response through encoding perforin-like protein and recognition of antigen.^\[[@R35]\]^ The perforin-like protein is predicted to be a perforin domain of membrane attack complex that helps cytotoxic T cells and natural killer cells kill virus infected cell.^\[[@R36],[@R37]\]^ In our study, we demonstrated from The GTEx portal database that rs7944135 AA genotype shows the highest expressed of *MPEG1* gene in compare to GG and AG genotype. It infers that patients with AA genotype on rs7944135 could have higher expression of *MPEG1* and lead to higher immune response against HBV, and results in seroclearance of the HBsAg.

Additional genes, such as HLA, cytokine *TNF*-α, chemokine receptor 5,^\[[@R38]\]^ and *MCP1*,^\[[@R21]\]^ were found to be associated with the incidence of HBsAg seroclearance through cell-mediated immune responses. Some evidence has been provided that polymorphisms in HLA subtypes are significantly associated with the occurrence of HBsAg seroclearance, such as a polymorphism of *HLA-DP* rs3077 with haplotype GAT having a 2.17-fold association in a Chinese population,^\[[@R39]\]^*HLA-DPA1* rs3077 and *HLA-DPB1* rs9277535 with A alleles in a Japanese population,^\[[@R40]\]^ and *HLA-B∗4001* in Taiwanese population.^\[[@R41]\]^ There are many polymorphisms of the TNF-α promoter region that were reported to alter TNF-α-associated HBV clearance in many populations.^\[[@R42]\]^*MCP1* with -2518G\>A was associated with HBV clearance in a Korean population.^\[[@R21]\]^

In this study, we investigated the association of individual SNPs with susceptibility to HBsAg seroclearance in Taiwanese CHB patients. We acknowledge that our study needs to be validated by future studies in other population using more samples, this study offers the findings that polymorphism of MPEG1 have a pivotal association with HBsAg seroclearance in Taiwanese CHB patients.

5. Conclusion
=============

Our present study is a replication of study for a SNP of MPEG1 rs7944135, with susceptibility to HBsAg seroclearance. Our study showed that an HBsAg seroclearance-associated SNP, rs7944135 with AA genotype, solely has a significant association with the loss of the HBsAg in CHB infection in Taiwanese HBV patients.
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